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Abstract
BACKGROUND AND AIMS:: Chronic infection with the bacterial pathogen Helicobacter pylori
causes gastric disorders ranging from chronic gastritis to gastric adenocarcinoma. Only a subset of
infected individuals will develop overt disease; the large majority remains asymptomatic despite lifelong
colonization. This study aims to elucidate the differential susceptibility to H. pylori that is found both
across and within populations. METHODS:: We have established a C57BL/6 mouse model of H. pylori
infection with a strain that is capable of delivering the virulence factor CagA into host cells through the
activity of a Cag-pathogenicity island-encoded type IV secretion system. RESULTS:: Mice infected at
5-6 weeks of age with CagA(+)H. pylori rapidly develop gastritis, gastric atrophy, epithelial hyperplasia
and metaplasia in a type IV secretion system-dependent manner. In contrast, mice infected during the
neonatal period with the same strain are protected from preneoplastic lesions. Their protection results
from the development of H. pylori-specific peripheral immunological tolerance, which requires
TGF-beta signalling and is mediated by long-lived, inducible regulatory T-cells, and which controls the
local CD4(+) T-cell responses that trigger premalignant transformation. Tolerance to H. pylori develops
in the neonatal period due to a biased Treg to T-effector cell ratio, and is favoured by prolonged
low-dose exposure to antigen. CONCLUSIONS:: Using a novel CagA(+)H. pylori infection model, we
report here that the development of tolerance to H. pylori protects from gastric cancer precursor lesions.
The age at initial infection may thus account for the differential susceptibility of infected individuals to
H. pylori-associated disease manifestations.
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Abstract 
Background and Aims: Chronic infection with the bacterial pathogen Helicobacter 
pylori causes gastric disorders ranging from chronic gastritis to gastric adenocarcinoma. 
Only a subset of infected individuals will develop overt disease; the large majority 
remains asymptomatic despite lifelong colonization. This study aims to elucidate the 
differential susceptibility to H. pylori that is found both across and within populations.   
Methods: We have established a C57BL/6 mouse model of H. pylori infection with a 
strain that is capable of delivering the virulence factor CagA into host cells through the 
activity of a Cag-pathogenicity island-encoded type IV secretion system.  
Results: Mice infected at 5-6 weeks of age with CagA+ H. pylori rapidly develop 
gastritis, gastric atrophy, epithelial hyperplasia and metaplasia in a type IV secretion 
system-dependent manner. In contrast, mice infected during the neonatal period with the 
same strain are protected from preneoplastic lesions. Their protection results from the 
development of H. pylori-specific peripheral immunological tolerance, which requires 
TGF-β signalling and is mediated by long-lived, inducible regulatory T-cells, and which 
controls the local CD4+ T-cell responses that trigger premalignant transformation. 
Tolerance to H. pylori develops in the neonatal period due to a biased Treg to T-effector 
cell ratio, and is favoured by prolonged low-dose exposure to antigen.  
Conclusions: Using a novel CagA+ H. pylori infection model, we report here that the 
development of tolerance to H. pylori protects from gastric cancer precursor lesions. The 
age at initial infection may thus account for the differential susceptibility of infected 
individuals to H. pylori-associated disease manifestations.  
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Introduction 
The gastric gram-negative human pathogen Helicobacter pylori is typically acquired 
during childhood and persists for life.1 Whereas ~20% of infected individuals develop 
gastric disorders ranging in severity from chronic atrophic gastritis2 to gastric ulcers and 
gastric cancer,3 the majority remain asymptomatic. This differential risk of developing 
overt disease is only partly explained by bacterial strain variations, host genetic 
predisposition, nutrition and other lifestyle factors.4  
Chronic infection with H. pylori strains harboring the virulence factor cytotoxin-
associated gene A (CagA) increases the risk of developing gastric cancer over the risk 
associated with H. pylori infection alone.5 CagA is the only known protein substrate of a 
type IV secretion system encoded by the Cag pathogenicity island (Cag PAI), which 
allows the bacteria to deliver CagA directly into their host cells’ cytosol.6 Once inside the 
host cell, CagA is phosphorylated on C-terminal tyrosine residues by Src-family- and Abl 
kinases, leading to increased cell motility, elongation and scattering.7 CagA also affects 
components of tight and adherence junctions, loosening the contacts between neighboring 
cells, perturbing cell polarity and initiating a process referred to as epithelial-to-
mesenchymal transition.8, 9 We have recently reported that the CagA-mediated disruption 
of host cell polarity and the local breakdown of intercellular contacts allows the bacteria 
to colonize the apical cell surface.10 The disruption of the epithelial barrier has been 
postulated to promote inflammation;10 this hypothesis is supported by more severe 
gastritis detected in individuals infected with CagA+ H. pylori 11 and in Mongolian 
gerbils infected with CagA delivery-proficient strains.12,13 Similarly, transgenic 
expression of CagA in the gastric epithelium predisposes mice to epithelial hyperplasia, 
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gastric polyps and adenocarcinomas in a CagA phosphorylation-dependent manner,14 
confirming a long-suspected oncogenic role for CagA. Despite these recent advances, a 
CagA-positive, genetically tractable infection model has remained elusive to date. 
Here we provide evidence that a CagA+ clinical patient isolate can stably colonize the 
murine stomach, triggers a strong local and systemic immune response and rapidly 
induces gastric cancer precursor lesions. We have used this novel CagA+ infection model 
to investigate the mechanisms underlying the differential susceptibility of infected 
individuals to the development of H. pylori-associated preneoplastic gastric disease. We 
find that the development of immunological tolerance to H. pylori determines the extent 
of the host’s immune response to the infection and influences gastric cancer risk. 
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Material and Methods 
Animal experimentation and cell culture  
C57BL6, TCR-β-/-BL6 and IL-10-/-BL6 mice were purchased from Charles River 
Laboratories (Sulzfeld, Germany). FoxP3-eGFP:DTR, CD4-dnTßRII and IL-10fl/flCD4-
Cre mice were described previously.15-17 All animal experiments were approved by the 
cantonal veterinary office.  Mice were maintained in individually ventilated cages and 
mixed gender groups were infected at either 7 days or 6 weeks of age with 1 orogastric 
dose of ~2×107 CFU H. pylori PMSS1 or PMSS1ΔcagE (see Supplemental Methods for 
strain details). For vaccination, mice received 4 weekly doses of 1mg H. pylori sonicate 
with 10μg of cholera toxin (List Biologicals, Campbell, CA, USA) prior to autologous 
challenge infection. Antibiotic eradication therapy was achieved by 2 weeks of daily 
orogastric treatment with 4.5mg/ml metronidazole, 10mg/ml tetracycline hydrochloride 
(both Sigma-Aldrich, Germany) and 1.2mg/ml bismuth subcitrate (Park-Davis, 
Australia). In vivo depletion of regulatory T-cells was achieved by weekly i.p. injections 
of 1x100 and 3x50μg of anti-CD25 antibody or by i.p. injections of 50ng diphtheria toxin 
per g of body weight at three day intervals (in the FoxP3-eGFP:DTR strain).15 For 
assessment of CagA translocation, AGS cells (ATCC CRL 1739) were infected for 16h 
prior to processing for 3D microscopy and immunoblotting as described in the 
Supplemental Methods. 
 
Preparation of tissues and assessment of H. pylori colonization, gastric cytokine 
responses, serum antibodies and gastric histopathology 
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Upon sacrifice, the glandular stomach was retrieved, opened along the lesser curvature 
and dissected longitudinally into 6 equal pieces comprising identical proportions of antral 
and corpus tissue. Of every stomach, the same section was assigned to the same 
downstream processing (embedding, RNA, gDNA etc.) to minimize sampling error. For 
quantitative assessment of H. pylori colonization, one stomach section was homogenized 
in Brucella broth and serial dilutions were plated on horse blood plates for colony 
counting. Gastric IFN-γ, IP-10 and MIP-2 levels were determined by RT-PCR or real 
time RT-PCR and serum antibodies against H. pylori were measured by ELISA as 
described in the Supplemental Methods. IFN-γ production was measured either by 
ELISA according to the manufacturer’s instructions (BD Biosciences, San Diego, CA, 
USA) or by flow cytometry as described in the Supplemental Methods. For the 
quantitative assessment of gastric histopathology, Giemsa-, Alcian blue- and Periodic 
Acid Schiff-stained paraffin-embedded stomach sections were scored on a scale of 0-6 
for the parameters chronic inflammation, atrophy, epithelial hyperplasia and metaplasia 
as described previously;18 the entire corpus area from the forestomach/corpus junction to 
the corpus/antrum junction was taken into account. All pictures were taken with a Leica 
Leitz DM RB microscope equipped with a Leica DFC 420C camera. Images were 
acquired using the Leica Application Suite 3.3.0 software. Statistical data analysis is 
described in the Supplemental Methods. 
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Results 
 
CagA+ H. pylori infection rapidly induces gastric cancer precursor lesions in a mouse 
model in a type IV secretion system-dependent manner 
To establish a genetically tractable, CagA+ H. pylori infection model, we revisited a 
strain that was originally isolated from a duodenal ulcer patient and used to derive a 
highly mouse colonizing variant, Sydney strain 1 (SS1).19 The parental strain (here 
termed PMSS1 for “pre-mouse” SS1) persistently colonizes mice, albeit at significantly 
lower levels than SS1 (supplemental Figure 1A). In contrast to most other mouse-
colonizing H. pylori strains,20 PMSS1 harbors a cagA gene, expresses the corresponding 
protein and is capable of injecting CagA into cultured human gastric epithelial cells 
(AGS; Figure 1A). CagA translocation by PMSS1 and its tyrosine phosphorylation inside 
the host cell causes cellular elongation and cell scattering (Figure 1A) as described 
previously for other CagA+ patient isolates.6,7 An isogenic mutant of PMSS1 lacking an 
essential component of the type IV secretion system (ΔCagE) fails to trigger this 
phenotype (Figure 1A), as does the mouse-passaged variant SS1 (supplemental Figure 
1B). PMSS1 CagA has three predicted C-terminal EPIYA tyrosine phosphorylation 
motifs characteristic of the “Western” type (Supplemental Figure 2). The ability of 
PMSS1 to inject CagA into host cells is maintained in vivo for at least 1 month and 
decreases gradually thereafter as determined by quantitative assessment of AGS cell 
elongation and scattering induced by infection with re-isolates (Figure 1B) and by 
immunoblotting for phospho-CagA performed on re-isolate-infected AGS cell extracts 
(Figure 1C). 
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Cag-PAI+ H. pylori strains are associated with more severe gastritis and a higher risk of 
gastric cancer development than strains not harbouring this important virulence trait.5, 21, 
22 To assess the contribution of the type IV secretion system to the immunogenicity and 
virulence of PMSS1, we infected mice with PMSS1 or PMSS1ΔCagE for 1 and 3 months 
(Figure 1D-F). PMSS1ΔCagE colonizes mice at significantly higher levels than the 
parental strain (Figure 1D) and fails to trigger the local gastric immune responses 
characterized by high levels of IFN-γ transcript as seen with PMSS1 (Figure 1E). As a 
consequence of its lower immunogenicity, PMSS1ΔCagE does not induce the 
pathophysiological changes typically observed in PMSS1-infected stomachs, i.e. chronic 
inflammation, atrophy, compensatory epithelial hyperplasia and acidic mucus-positive 
metaplasia (Figure 1F). The PMSS1 derivative SS1 is similarly avirulent in this model 
(Supplemental Figure 1C,D). In conclusion, PMSS1 is a useful tool to study the 
consequences of Cag-PAI+ H. pylori infection in a genetically tractable rodent model. 
 
Neonatally infected mice do not initiate local or systemic immune responses to H. pylori 
and are consequently protected from immunopathological gastric lesions 
Based on reports that children are less prone to develop gastritis upon H. pylori infection 
than adults colonized with similar strains,23, 24 we hypothesized that PMSS1 infection 
outcome may differ depending on age at the time of infection. We infected groups of 
mice at 1 and 5 weeks of age with PMSS1 (i.e. as neonates and young adults, 
respectively), and assessed various parameters of infection outcome at 1, 2 and 4 months 
post infection (p.i.). Mice infected as neonates were colonized by ~two orders of 
magnitude more heavily than mice infected as adults at all 3 time points analyzed (Figure 
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2A). Neonatally infected mice further failed to initiate the gastric production of IFN-γ 
(Figure 2B), and of its downstream mediator IP-10 and the murine IL-8 analogue Mip-2 
(Supplemental Figure 3). Serum antibodies against H. pylori were also produced at 
significantly lower levels in neonatally infected mice (Figure 2C). In line with the higher 
IFN-γ transcript levels found in adult-infected stomachs, significantly more CD4+IFN-γ+ 
cells and CD4+ T-cells in general were detected in single cell gastric mucosal 
preparations of adult-infected compared to neonatally infected mice (Figure 2D,E). 
Furthermore, IFN-γ secretion as determined by ELISA of single cell suspension culture 
supernatants of the corresponding mesenteric lymph nodes was significantly higher in the 
adult-infected compared to the neonatally infected group (Figure 2F). Indeed, neonatally 
infected mice were indistinguishable from uninfected controls with respect to these 3 
parameters (Figure 2D-F).   
In agreement with our observation that H. pylori colonization levels and gastric 
pathology are inversely correlated (Figure 1), mice infected as neonates were protected 
from the chronic gastritis and preneoplastic lesions that characterize adult-infected mice 
at 1, 2 and 4 months p.i. (Figure 3). Neonatally infected mice developed only very 
moderate, if any, symptoms of corpus gastritis (Figure 3A,B), and never showed signs of 
metaplasia or atrophy of the corpus surface epithelium as determined by positive Alcian 
blue staining and loss of Periodic Acid-Schiff reactivity, respectively (Figure 3C,D). 
Consequently, neonatally infected mice were assigned significantly lower histopathology 
scores than mice infected as adults at all time points analyzed (Figure 3B) and were 
indistinguishable from uninfected mice. In contrast to the major age-dependent 
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differences found in the corpus, the histopathology of the antrum was comparable 
between all groups (Supplemental Figure 4).  
Interestingly, the loss of CagA delivery characteristic of re-isolates from adult-infected 
mice was observed much less frequently in re-isolates from neonatally infected mice 
(Figure 4A-C), implying that the negative selective pressure leading to CagA loss in 
adults is due to their strong local and/or systemic immune response to CagA+ infection. 
Interestingly, infection with PMSS1ΔCagE and H. felis mirrored our observations with 
PMSS1 (Supplemental Figure 5), suggesting that the age-related differences in pathology 
are independent of the type IV secretion system and can also be observed with other 
gastric Helicobacter species. In summary, the early acquisition of Helicobacter is 
beneficial for the host in this murine model, as the immunopathological consequences of 
infection are entirely prevented.  
 
Helicobacter-specific effector T-cell populations develop normally in neonatally infected 
mice  
The phenotype of neonatally infected mice can either be explained by the development of 
H. pylori-specific immunological tolerance –either central or peripheral- or to a lack of 
“responsiveness” to the bacteria. To discriminate between these possibilities, we assessed 
whether H. pylori-specific CD4+ effector T-cells are generated normally in neonates or 
whether they are eliminated during an early stage of development. We chose to test this 
notion by adoptively transferring CD4+CD25- effector T-cells, which rapidly clear a 
Helicobacter infection and induce severe preneoplastic gastric pathology in 
immunodeficient recipients.18 Interestingly, effector cells isolated from the spleens of 
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mice infected either as neonates or as adults reduce H. pylori colonization with similar 
efficiency in TCR-β-/- hosts (Figure 5A), and also induce indistinguishable levels of 
preneoplastic pathology (Figure 5B,C).  
Having determined that functional H. pylori-specific CD4+ effector T-cells are generated 
independent of age at infection, we next sought to clarify whether neonates would 
respond to vaccination against H. pylori. We administered 4 doses of a whole cell PMSS1 
sonicate vaccine adjuvanted by cholera toxin to neonatal and adult groups of mice, and 
measured protective immunity upon challenge infection (Figure 5D). Immunization 
resulted in a strong reduction of bacterial colonization independent of age (Figure 5D), 
implying that neonatal vaccination induces protection rather than tolerance. Both results 
taken together indicate that neonates can develop immunity to H. pylori and suggest an 
active mechanism of peripheral tolerance induction.  
 
Regulatory T-cells control Helicobacter-specific effector T-cell responses and gastric 
immunopathology in neonatally infected mice 
Pursuing the possibility that peripheral regulatory T-cells (Treg) induce and maintain H. 
pylori-specific tolerance, we depleted Treg quantitatively during a 4 week time course of 
infection using an αCD25 mAb. Strikingly, this treatment was sufficient to prevent the 
development of tolerance and to restore the ability of neonatally infected mice to reduce 
the bacterial burden to the same or lower levels as found in adults (Supplemental Figure 
6). 
Not all Treg populations express CD25 at similar levels; conversely, CD25 is also up-
regulated on activated effector T-cells.15 To verify our result in an alternative model, we 
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took advantage of a transgenic strain expressing a diphtheria toxin (DT) receptor-eGFP 
fusion protein under the control of the foxp3 promoter and thus allowing for Foxp3+ Treg 
depletion by injection of DT.15 H. pylori-specific tolerance was prevented in mice 
depleted of Treg in this manner, resulting in complete clearance or a strong reduction of 
H. pylori (Figure 6A). It did not make a difference whether Treg were depleted during the 
entire course of the experiment, or only during the “tolerance window” of neonatal mice, 
which is generally believed to close at the time of weaning  (Figure 6A).25 Clearance of 
H. pylori in Treg-depleted mice was accompanied by induction of preneoplastic gastric 
pathology, with widespread metaplasia and complete atrophy observed in all mice 
(Figure 6B,C).  
To test independently whether H. pylori-specific tolerance can develop in the absence of 
 T-cells, we infected TCR−β-/- mice as neonates and challenged them 4 weeks later with 
immunomagnetically isolated CD4+CD25- effector T-cells from age-matched, infected 
WT donors following the procedure shown in Figure 5. All neonatally infected recipients 
significantly reduced the bacterial burden (Figure 6D) and developed similar gastric 
pathology as observed in TCR−β-/- recipients infected as adults (compare Figure 6E,F and 
Figure 5B,C)  suggesting that TCRα/β+ cells are absolutely required for tolerance 
development to H. pylori. 
 
H. pylori-specific tolerance requires TGF-β signalling  
The anti-inflammatory cytokine TGF-β is an important mediator of Treg suppressor 
functions.26 To examine the role of TGF-β in Helicobacter-specific tolerance, we 
analyzed the phenotype of a mouse strain with T-cell–restricted, transgenic expression of 
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a dominant-negative form of the TGF-ß receptor II (CD4-dnTßRII).16 Natural (n)Treg 
develop in normal (or higher) numbers in these mice (supplemental Figure 7A), but the 
induction of iTreg is impaired in the periphery in vivo27 and also in vitro (supplemental 
Figure 7B). The T-cell–restricted loss of TGF-ß signaling prevented tolerance induction 
in neonatally infected mice (Figure 7A-C), but had only moderate effects in adult-
infected mice (Figure 7A-C).  IL-10-/- mice, in which Treg also develop normally but lack 
crucial suppressor functions28 show a very similar, albeit slightly delayed phenotype with 
respect to H. pylori-specific tolerance (supplemental Figure 8). The phenotype of the IL-
10-/- mouse is mirrored almost exactly by a strain in which the il-10 gene is conditionally 
deleted in the CD4+ and CD8+ T-cell compartments (supplemental Figure 8).17  
Based on the phenotype of CD4-dnTßRII mice, we hypothesized that tolerance may be 
mediated in this scenario by TGF-β-induced iTreg, which survive for long periods of 
time without antigenic stimulation.29 To test whether tolerance to H. pylori requires the 
continuous, uninterrupted exposure to antigen, we subjected neonatally infected mice to 
H. pylori eradication therapy starting at five weeks p.i., re-infected them 4 weeks after the 
onset of antibiotic therapy and compared them to neonatally and adult-infected control 
groups (Figure 7D). There was no difference in colonization between the mice that had 
been eradicated and subsequently re-infected and the group that had been continuously 
colonized for 14 weeks (Figure 7D), arguing that tolerance is maintained despite a >two 
week gap in exposure to H. pylori. The combined findings imply that long-lived Treg are 
essential mediators of H. pylori-specific tolerance. 
As chronic low-level exposure to oral antigens is known to favor tolerance over 
immunity,30 we speculated that adults and neonates would differ with respect to their 
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colonization levels during the first weeks p.i. Indeed, H. pylori colonization remains close 
to the detection limit during the first 2 weeks of neonatal infection, and only recovers 
around the time of weaning (supplemental Figure 9A), suggesting that the maternal milk 
efficiently limits bacterial replication. In contrast, adults are exposed to comparatively 
constant, and significantly higher, levels of bacteria in this time frame (supplemental 
Figure 9A).  
One of the proposed differences between the neonatal and the adult immune systems is 
the ratio of effector to regulatory T-cell populations.25 Indeed, only 2-4% of the neonatal 
splenocyte population are CD4+ compared to 10-14% in adults (supplemental Figure 9B) 
and a significantly larger fraction of these CD4+ T-cells expresses FoxP3 (supplemental 
Figure 9C). In combination, our data suggest that the low level exposure to antigen that is 
a hallmark of neonatal infection with H. pylori may favor tolerance over immunity, 
especially in a setting that is inherently biased towards tolerance due to its abundant 
regulatory and limited effector T-cell populations.  
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Discussion 
In this study, we provide evidence for an efficient mechanism of tolerance induction to H. 
pylori in the neonatal period, which strongly reduces the risk of developing gastric cancer 
precursor lesions later in life. H. pylori-specific tolerance in neonatally infected mice is 
evident in our PMSS1 infection model due to the strong immunogenicity of this strain in 
adult animals, which distinguishes it from the weakly immunogenic strains commonly 
used for experimental murine infection. The PMSS1 model mimics the human host’s 
response to CagA+ H. pylori infection, which results in more severe gastritis11 and a 
higher risk of gastric adenocarcinoma than infection with CagA- strains.5, 21  
PMSS1-specific pro-inflammatory and adaptive immune responses depend on the strain’s 
type IV secretion system. A CagE-deficient, translocation-incompetent mutant of PMSS1 
shows strongly reduced immunogenicity and pathogenicity compared to the parental 
strain. Our observations in the murine model are in line with previous results obtained in 
the Mongolian gerbil, which have revealed a similar link between gastric inflammation 
and preneoplastic lesions and a functional type IV secretion system.12, 13 PMSS1 
constitutes a notable exception to the rule that CagA+ strains do not colonize mice, and 
mouse-colonizing strains are CagA-negative.20 Our model has allowed us to follow the 
fate of CagA-translocation proficient bacteria in vivo over time. Indeed, the ability of re-
isolates to deliver CagA in vitro is gradually lost in mice infected as adults; this is not the 
case in tolerized mice.  
Using the CagA+ infection model, we have made the unexpected observation that active 
tolerance development towards H. pylori is a major determinant of disease outcome. 
Neonatally infected mice reproducibly fail to launch the local and systemic responses to 
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the bacteria that are readily observed in adult-infected mice as early as one month p.i. As 
a consequence, the mice are permanently protected from the development of gastric 
preneoplastic immunopathology. We attributed the tolerance of neonatally infected mice 
to the induction of peripheral tolerogenic Treg, which efficiently control effector T-cell 
responses against H. pylori. H. pylori-specific Treg are long-lived and independent of 
continuous antigenic stimulation, and require TGF-β signalling. Vaccination of neonatal 
mice with an adjuvanted vaccine overrides the suppressive capacity of Treg; this 
observation is clinically important as all vaccine development efforts targeting H. pylori 
envisage early childhood vaccination; it also confirms earlier data validating childhood 
vaccination with other, less immunogenic strains.31, 32 Indeed, neonatal tolerance to H. 
pylori is particularly evident with strains that are strongly immunogenic in adults, such as 
PMSS1 and H. felis. An earlier study using a mildly immunogenic isolate also found 
differences in colonization dependent on age at the time of infection, but did not link 
these differences to the differential susceptibility towards gastric cancer precursor 
lesions.32   
The first weeks of life are characterized by an inherent bias towards tolerogenic over 
immunogenic responses, resulting in an increased susceptibility to viral and bacterial 
infections.25 Few experimental models exist that mirror neonatal infections in humans; in 
these models, neonatal tolerance is usually detrimental for the newborn host. For 
instance, Fernandez et al. showed that the neonatal Treg population actively suppresses 
CD8+ T-cell responses to herpes simplex virus 2.33 Several differences between the 
neonatal and adult immune systems have been used to explain the bias towards 
tolerogenic responses in neonates. A Treg-biased ratio of CD4+ T-cell subsets has been 
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proposed,25 which we could substantiate in our model. Another striking difference 
between the infected neonates and adults was their bacterial load in the first two weeks of 
infection. The low dose exposure to antigen of neonatally infected mice is consistent with 
the preferential induction of tolerogenic over immunogenic responses.30 We conclude 
that the inherent tolerogenic bias of neonates together with low-dose antigen exposure 
may account for the development of tolerance rather than immunity in this age group. 
The risk of developing overt disease differs radically between H. pylori-infected 
individuals; whereas the majority remain asymptomatic, a subset of infected individuals 
develops clinical disease manifestations. Our data suggest that immunological tolerance 
to the infection protects from severe disease outcomes and that the acquisition of H. 
pylori early in life may be beneficial to the host. In summary, the unexpected finding that 
tolerant -rather than immune responsive- individuals are protected from H. pylori-
induced gastric preneoplasia may have new implications for gastric cancer prevention 
strategies. 
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Figure legends 
 
Figure 1. H. pylori PMSS1 injects CagA into gastric epithelial cells, and rapidly induces 
gastric cancer precursor lesions in a type IV secretion system-dependent manner. (A) 
AGS cells were co-cultured with PMSS1 or PMSS1ΔCagE for 16 hours. 3D-confocal 
immunofluorescence images show elongation and scattering of cells co-cultured with the 
wild-type strain, but not the ΔCagE mutant. Extracts of the same cells were subjected to 
immunoblotting with anti-CagA and anti-phospho-CagA antibodies. (B) The 
hummingbird phenotype induced by clones re-isolated from 1, 3, 6 and 9 month infected 
mice was quantified on a scale of 0-4 and compared to the input strain. Between 6 and 11 
independent re-isolated clones per animal were analyzed for 2 to 4 mice per time point. 
Individual mice are plotted on the x-axis; each square represents one re-isolated clone. 
Medians for all clones from one individual and for all mice of a time point are indicated 
by black and dotted bars. (C) CagA delivery and phosphorylation was confirmed by 
immunoblotting for selected re-isolates. (D-F) C57/BL6 mice were infected at 6 weeks of 
age with PMSS1 or PMSS1ΔCagE and sacrificed at 1 month and 3 months post infection 
(p.i.). (D) Colony-forming units (CFU) per stomach; bars indicate the medians. (E) 
Gastric IFN-γ expression as determined by real time RT-PCR compared to an age-
matched uninfected control group. (F) Low and high magnification micrographs of one 
representative mouse per group; pathology scores were assigned for the four parameters 
chronic inflammation, atrophy, hyperplasia and metaplasia; every mouse is represented 
by four data points. Results representative of 2-3 independent experiments are shown for 
all panels except B and C.  
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Figure 2: Neonatally infected mice fail to mount local and systemic immune responses to 
H. pylori infection. (A-F) C57BL/6 mice were infected with H. pylori PMSS1 at either 7 
days (infected as neonates, iN) or 5 weeks of age (infected as adults, iA) and sacrificed at 
1, 2 and 4 months p.i. A shared, uninfected control group consisted of mice that were 1, 
2, 4 and 6 months old at the time of sacrifice. (A) CFU per stomach; bars indicate 
medians. (B) Gastric IFN-γ expression as determined by real time RT-PCR. (C) Serum 
titers to H. pylori as determined by ELISA. (D, E) Gastric mucosal infiltration of 
CD4+IFN-γ+ T-cells and all CD4+ T-cells as determined by intracellular cytokine and 
surface staining for IFN-γ and CD4 at 1 month p.i. (F) Production of IFN-γ by MLN cells 
after 4 days in culture as determined by ELISA. Data are representative of 5 experiments. 
 
Figure 3: Neonatally infected mice are protected from gastric preneoplastic pathology. 
(A-D) Gastric corpus histopathology of the neonatally and adult-infected mice described 
in Figure 2 was assessed on Giemsa-, Alcian blue- and Periodic Acid-Schiff-stained 
paraffin sections. Representative micrographs are shown in A, C and D and 
histopathology scores are shown in B. Low and high magnification micrographs are 
shown in C and D. Data are representative of 5 experiments. 
 
Figure 4: The ability of mouse-colonizing H. pylori to inject CagA in vitro is lost in mice 
infected as adults, but not in neonatally infected mice. (A) H. pylori PMSS1 clones were 
isolated from neonatally or adult-infected mice 4 and 6 months p.i. (iN, 39 clones; iA, 31 
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clones). Re-isolates derived from 3 independent experiments were assessed quantitatively 
for hummingbird phenotype induction in AGS cells. Individual mice are plotted on the x-
axis; each square represents one clone. Medians for individual mice and time points are 
indicated by black and dotted bars. (B) The delivery and phosphorylation of CagA by 
selected 6 month isolates was confirmed by phospho-Cag-specific immunoblotting of 
infected AGS cell extracts. (C) Representative micrographs of the analysis shown in A. 
 
Figure 5: The priming of T-effector cell responses is not impaired in neonatally infected 
compared to adult-infected mice. (A-C) CD4+CD25- effector T-cells from the spleens of 
neonatally infected and adult-infected animals (Teff (iN) and Teff (iA)) were adoptively 
transferred into 6 week old TCR-β-/- hosts. All recipients and controls were infected 1 day 
post-transfer. Colonization and gastric histopathology was determined 4 weeks p.i. 
Colony counts (A), representative micrographs (B) and histopathology scores (C) are 
shown. (D) Neonatal and adult mice were immunized 4 times in weekly intervals with an 
H. pylori vaccine (VacN and VacA) prior to challenge infection. All animals were 
sacrificed 2 weeks p.i. (see schematic, left panel) and colonization levels were compared 
to non-immunized control mice (iN, iA). Data are representative of 2 independent 
experiments. 
 
Figure 6: Tolerance induction and maintenance requires peripheral regulatory 
mechanisms. (A-C) Neonatal FoxP3-eGFP:DTR mice (‘Dereg’, triangles) and their non-
transgenic littermates (B6 WT, circles) were infected with PMSS1. Treg were depleted 
by i.p. administration of diphtheria toxin (DT) starting on the day of infection, either for 
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the entire 4 week time course of the experiment (DTd7-d35, black triangles) or only during 
the first 2 weeks of infection (DTd7-d21, white triangles). Treg depletion was on average 
98% effective in the mesenteric lymph nodes draining the GI tract. All animals were 
assessed with respect to H. pylori colonization (A) and gastric histopathology (B, C) 4 
weeks p.i. and compared to uninfected transgenic mice depleted of Treg for 4 weeks 
(inverted triangles). (D-F) TCR-β-/- mice were infected as neonates and, at 5 weeks of 
age, received immunomagnetically purified effector T-cells from the spleen of an adult 
infected animal (TCR-β-/-(iN) +Teff (iA), white circles).  H. pylori colonization (D) and 
gastric histopathology (E, F) was assessed four weeks post adoptive transfer in 
comparison to a group that had not received cells (TCR-β-/-(iN), grey circles; compare 
also to Fig. 5 A-C). All results are representative of 2-3 experiments. 
 
Figure 7: Tolerance induction requires the activity of TGF-β-responsive, long-lived 
CD4+ T-cells. (A-C) Neonatal CD4-dnTßRII mice (black circles) and their WT 
littermates (grey circles) were infected for 1 month. All mice were analyzed with respect 
to H. pylori colonization and gastric histopathology and compared to respective adults 
(grey and black squares). Colony counts (A), representative micrographs (B) and 
histopathology scores (C) are shown. (D) Neonatally infected mice were subjected to 
antibiotic eradication therapy followed by re-infection five weeks later (schematic, left 
panel). Eradication was verified in a control group (1). The remaining mice were killed 4 
weeks after re-infection (2) along with groups that had been infected as neonates or adults 
in week 9 (3, 4). Colony counts are shown. Pooled data from two studies are shown in A-
C; data in D are representative of 2 independent experiments. 
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Supplemental Figure legends 
 
Suppl. Figure 1: H. pylori PMSS1, but not its derivative SS1, injects CagA into gastric epithelial 
cells and induces gastric cancer precursor lesions in C57BL/6 mice. (A) Groups of 6 week old 
C57BL/6 mice were infected with PMSS1 (squares) or SS1 (triangles) for 2 weeks, 1 month and 
2 months. Gastric colonization was determined by plating and colony counting. (B) To 
demonstrate CagA delivery, AGS gastric adenocarcinoma cells were co-cultured with both 
strains for 8h. Phase contrast micrographs show elongation and scattering (the “hummingbird 
phenotype”) of cells co-cultured with PMSS1, but not SS1. (C) Representative micrographs of 
Giemsa-stained paraffin sections of mice infected with PMSS1 or SS1 for 2 months. (D) 
Pathology scores for the indicated parameters (chronic inflammation, atrophy, epithelial 
hyperplasia, intestinal metaplasia) as assigned to all mice shown in A. 
 
Suppl. Figure 2: The CagA protein of H. pylori PMSS1 harbours three predicted C-terminal 
EPIYA phosphorylation motifs. Upper panel: DNA and amino acid sequence of PMSS1 CagA; 
predicted C-terminal EPIYA phosphorylation motifs are marked in color. Lower panel: 
Schematic of the C-terminus of the PMSS1 CagA protein. 
 
Suppl. Figure 3: Neonatally infected mice fail to produce gastric pro-inflammatory cytokines in 
response to H. pylori infection. The gastric production of the proinflammatory cytokines IFN-γ, 
IP-10 and Mip-2 was evaluated by RT-PCR for the same mice as shown in Figure 2. GAPDH 
levels are shown for comparison. UreaseB-specific PCR was performed as an additional measure 
of colonization (uppermost panels).  
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Suppl. Figure 4: The antrum histology does not differ between uninfected and infected mice of 
both age groups. The same mice as shown in Figure 2 were examined with respect to antral 
histopathology. No obvious differences were detected between uninfected and infected groups or 
between neonatally and adult-infected groups. Representative Alcian blue- and Periodic Acid 
Schiff-stained micrographs of the 4 month time point are shown.  
 
Suppl. Figure 5: Differences in pathology based on age at the time of infection are independent 
of the type IV secretion system and can also be observed in H. felis infected mice. C57BL6 mice 
were infected at 7 days (iN) or 5 weeks (iA) of age in groups of 4-7 animals with H. felis (A,B), 
or PMSS1ΔCagE (C,D). Mice were sacrificed after 1 and 3 months and analyzed with respect to 
colonization (A,C) and gastric histopathology (B,D). Despite similar levels of colonization, adult- 
infected and neonatally infected mice differed substantially with respect to gastric histopathology 
at the three month time point: whereas adult infected mice had developed gastritis as well as 
preneoplastic epithelial lesions, no such lesions were detected in neonatally infected mice (B,D). 
Histopathological parameters were scored as described in the figure legend to Figure 1. The 
colonization of H. felis (A) was assessed by qPCR using flagellin B (flaB) specific primers, as H. 
felis does not form single colonies and thus cannot be assessed by colony counting. H. felis 
genome copies per stomach were calculated based on the premise that 2 fg of H. felis 
chromosomal DNA is equivalent to 1 copy of the genome. Each sample was analyzed in 
triplicate; averages are plotted and medians are indicated for all groups. 
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Suppl. Figure 6: Depletion of regulatory T-cells breaks tolerance of neonatally infected mice. 
(A-C) Mice were infected with PMSS1 at 7 days of age, and depleted of Treg by regular weekly 
i.p. injections of anti-CD25 antibody, starting on the day of infection (clone PC61; 1. dose: 
100μg; 2.-4. dose: 50μg, 6 animals). A control group of 5 mice remained untreated. All mice 
were sacrificed four weeks p.i. and analyzed with respect to H. pylori colonization as assessed by 
colony counting (A) and gastric histopathology (B,C). Pathology scores for the four indicated 
parameters are shown in B, and representative micrographs are shown in C.  
 
Suppl. Figure 7: Natural Treg are generated at normal levels, but the induction of Treg in vitro 
is impaired in CD4-dnTßRII mice. (A) CD4+FoxP3+ cells were quantified as a fraction of all 
CD4+ T-cells in the MLN and spleens of five wild type and five CD4-dnTßRII mice. Means and 
standard deviations are shown per group. (B) Bone marrow-derived dendritic cells (DC) were 
generated by differentiation of freshly isolated wild type bone marrow cells in 20ng/ml GM-CSF 
for 7 days. 200’000 CD4+CD25- T-cells immunomagnetically isolated from a wild type (top 
panels) or a CD4-dnTßRII (bottom panels) donor spleen were added to 100’000 DC and 
stimulated with 1μg/ml anti-CD3ε antibody (clone 145-2C11, Pharmingen), 10ng/ml 
recombinant IL-2 and 10ng/ml TGF-β as indicated. The FoxP3+ fraction of the CD4+ population 
was determined by flow cytometry. 
 
Suppl. Figure 8: Interleukin-10 produced by CD4+ T-cells is required for stable tolerance to H. 
pylori infection. Wild type BL6, IL-10-/- and IL-10fl/flCD4-Cre mice were infected at 7 days (iN, 
A,B,E) or 5 weeks (iA, C,D,E) of age with H. pylori PMSS1, and groups of 5-7 animals were 
assessed with respect to colonization (A,C) and pathology (B,D,E) 1 and 2 months later, as 
indicated. (A) Neonatally infected mice of both IL-10-/- genotypes remain tolerant after one 
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month p.i., but have cleared or greatly reduced the infection at 2 months p.i. (C) Adult infected 
mice of both strains are also less densely colonized than wild type after one month (not shown) 
and two months p.i. (B,D,E) The gastric histopathology is inversely correlated with colonization: 
mice that are colonized at high levels show no histopathological lesions, whereas those that clear 
the infection develop severe gastritis accompanied by atrophy, hyperplasia and metaplasia. (E) 
Representative micrographs of the two month infection time point. 
 
Suppl. Figure 9: Neonatal and adult mice differ with respect to their H. pylori colonization 
levels and their CD4+ FoxP3+ T-cell compartment. (A) Seven day old (iN) and five week old (iA) 
C57BL6 mice were infected with 107 H. pylori PMSS1 and sacrificed at 1, 2, 3, 4, 9, 13, 16, 21 
and 28 days p.i. The median colonization of at least 2 and up to 6 mice per time point is shown 
for both age groups. (B, C) Four seven day old (N) and three six week old (A) C57BL6 mice 
were sacrificed and their CD4+ (B) and CD4+ FoxP3+ (C) T-cell compartments in the spleens and 
MLN were analyzed flow cytometrically and results were confirmed in two independent 
experiments. Means and standard deviations are shown per group. 
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Supplemental Methods  
 
 
Bacterial strains and culture conditions  
The H. pylori strain used in this study for in vivo experimentation, PMSS1, is a clinical isolate of 
a duodenal ulcer patient and the parental strain of the mouse-derivative Sydney strain 1 (SS1).1 
The PMSS1ΔCagE isogenic mutant was constructed by replacement of the entire cagE gene with 
the chloramphenicol resistance cassette of C. coli (NCBI accession number M35190; for primer 
sequences, see suppl. Table 1). H. felis CS1 was purchased from ATCC (49179). H. pylori was 
grown on horse blood agar plates and in liquid culture as described previously.2 Cultures were 
routinely assessed by light microscopy for contamination, morphology, and motility.  
 
Cell culture and determination of CagA translocation in vitro  
AGS cells (ATCC CRL 1739; human gastric adenocarcinoma epithelial cell line) were cultured 
in DMEM (Gibco/BRL) supplemented with 10% heat-inactivated FBS (Gibco/BRL). For 
assessment of CagA translocation into cultured epithelial cells, AGS cells were infected with H. 
pylori for 16 hours; extracts were subjected to immunoblotting using either CagA- or phospho-
CagA-specific antibodies2 or stained for 3D-confocal microscopy using previously described 
reagents and procedures.2 For visual quantitative assessment of the “hummingbird phenotype” as 
a measure of CagA translocation and phosphorylation, the percentage of elongated cells was 
determined after 8 hours by microscopical examination and scored on a scale of 0-4. The scores 
indicate the following: 0, no elongated cells; 1, <10% of cells elongated; 2, 10-30% of cells 
elongated; 3, 30-50% elongated; 4, 50-100% elongated. All results were verified by another 
examination after 16 hours. 
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Assessment of anti-H. pylori serum titers, gastric cytokine responses and bacterial 
colonization  
For the evaluation of Helicobacter-specific antibody responses, blood was harvested post mortem 
by cardiac puncture. The serum was diluted 1/10.000 and assessed by ELISA on 96-well plates 
(Nunc, Roskilde, Denmark) pre-coated with 5µg of PMSS1 sonicate per well. For conventional 
RT-PCR of IFN-γ, IP-10, MIP-2, and GAPDH, total gastric RNA was isolated using RNeasy 
Mini columns (Qiagen, Hilden, Germany). 1.5μg of total RNA was used for first strand cDNA 
synthesis with Superscript reverse transcriptase III (Invitrogen, Switzerland) and served as a 
template for PCR reactions (for conditions and primer sequences, see suppl. Table 1). IFN-γ-
specific real time PCR (LightCycler; Roche, Basel, CH) was performed with the LightCycler 480 
SYBR Green I master kit (Roche, Basel, CH). Absolute values of IFN-γ expression were 
normalized to GAPDH expression. For the PCR-based assessment of H. pylori colonization, 
whole stomach genomic DNA was subjected to amplification of the urease B gene (for conditions 
and primer sequences, see suppl. Table 1). 
 
Adoptive transfer of CD4+CD25- T-cell populations and flow cytometry 
CD4+CD25- T-cells were purified from single cell suspensions of freshly isolated spleens. 
Immunomagnetic sorting was performed using a CD4+CD25+ T-cell purification kit (R&D 
Systems, Minneapolis, USA), according to the manufacturer’s instructions. 300.000 cells were 
adoptively transferred into immunodeficient (TCR-β-/- BL6) hosts by i.v. injection in 200 μL 
volume. The FoxP3+ fraction of the CD4+ population was determined by flow cytometry. Single 
cell suspensions of spleen, stomach or mesenteric lymph nodes were stained for CD4 (clone 
RM4-5, eBioscience, San Diego, USA) prior to fixation, permabilization and FoxP3+ staining 
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(clone FJK-16s, eBioscience) or IFN-γ staining (clone XMG1.2, BD Biosciences). FACS 
analyses were performed on a CyanADP instrument (Dako, Glostrup, Denmark). 
 
 
Statistical analysis 
All p-values were calculated using Graph Pad prism 5.0 or R software. The significance of 
categorical differences in histopathology scores was calculated by Mann-Whitney or unpaired 
Wilcox test and the significance of numerical differences (e.g. colony counts, serum antibody 
titers) was calculated by Student’s t-test. In all graphs showing colonization data and 
histopathology scores (scatter plots), the medians are indicated by horizontal bars. In column bar 
graphs, standard deviations are indicated by vertical bars. n.a. denotes ‘not applicable’, and n.s. 
stands for ‘not significant’.  
 
Supplemental References 
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Supplemental Table 1: Primer sequences, annealing temperatures and cycle number of PCR reactions performed for 
the generation of H. pylori PMSS1ΔCagE, H. pylori quantification and reverse transcription PCR of cytokine genes. 
 
 
 
 
 
Gene Nucleotide Sequence (5′- 3′) Tm 
(°C) 
PCR  
cycles 
CagE N-
ter 
Fw: CGTATGGGTCAGCAAATGACGA 
Rv: ATCCACTTTTCAATCTATATCCCCTCTCTTTATAGATATACC 
52 30 
CagE C-
ter 
Fw: CCCAGTTTGTCGCACTGATAAAATGAAACAAAGTTTGCGCGA 
Rv: GCATGTCCTCGCTTATGTTGTT 
52 30 
Cpr 
(ΔCagE) 
Fw:GATATAGATTGAAAAGTGGAT 
Rv: TTATCAGTGCGACAAACTGGG 
52 30 
ureB 
(PMSS1) 
Fw: CGTCCGGCAATAGCTGCCATAGT 
Rv: GTAGGTCCTGCTACTGAAGCCTTA 
55 34 
flaB 
(H.felis) 
Fw: TTCGATTGGTCCTACAGGCTCAGA 
Rv: TTCTTGTTGATGACATTGACCAACGCA 
58 30 
IFN-γ  
 
Fw: GGTGACATGAAAATCCTGCAGAGC 
Rv: TCAGCAGCGACTCCTTTTCCGCTT 
58 35 
IP10 Fw: CCTATCCTGCCCACGTGTTGAG 
Rv: CGCACCTCCACATAGCTTACA 
55 33 
MIP2 Fw: AGTTTGCCTTGACCCTGAAGCC 
Rv: GGAACTAGCTACATCCCACCCA 
55 35 
GAPDH Fw: GACATTGTTGCCATCAACGACC 
Rv: CCCGTTGATGACCAGCTTCC 
55 32 
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Atgactaacgaaaccattaaccaacaaccacaaactgaagcggcttttaacccgcagcaa  
 M  T  N  E  T  I  N  Q  Q  P  Q  T  E  A  A  F  N  P  Q  Q  20 
tttatcaataatcttcaagtggcttttcttaaagttgataacgctgtcgcttcatacgat 
 F  I  N  N  L  Q  V  A  F  L  K  V  D  N  A  V  A  S  Y  D  40 
cctgatcaaaaaccaatcattgataagaacgatagggataacaggcaagcttttgaggga 
 P  D  Q  K  P  I  I  D  K  N  D  R  D  N  R  Q  A  F  E  G  60 
atctcgcaattaagggaagaatactccaataaagcgatcaaaaatcctaccaaaaagaat 
 I  S  Q  L  R  E  E  Y  S  N  K  A  I  K  N  P  T  K  K  N  80 
cagtatttttcagactttatcaataagagcaatgatttaatcaacaaagacgatctcatt 
 Q  Y  F  S  D  F  I  N  K  S  N  D  L  I  N  K  D  D  L  I  100  
gatgtagaatcttccacaaagagctttcagaaatttggggatcagcgttaccgaattttc 
 D  V  E  S  S  T  K  S  F  Q  K  F  G  D  Q  R  Y  R  I  F  120  
acaagttgggtgtcccatcaaaacgatccgtctaaaatcaacacccgatcgatccgaaat 
 T  S  W  V  S  H  Q  N  D  P  S  K  I  N  T  R  S  I  R  N  140  
tttatggaaaatatcatacaaccccctatccctgatgacaaagaaaaagcagagtttttg 
 F  M  E  N  I  I  Q  P  P  I  P  D  D  K  E  K  A  E  F  L  160  
aaatctgccaaacaatcttttgcaggaatcattatagggaatcaaatccgaacggatcaa 
 K  S  A  K  Q  S  F  A  G  I  I  I  G  N  Q  I  R  T  D  Q  180  
aagttcatgggcgtgtttgatgaatccttgaaagaaaggcaagaagcagaaaaaaatgga 
 K  F  M  G  V  F  D  E  S  L  K  E  R  Q  E  A  E  K  N  G  200 
gggcctactggtggggattggttggatatttttctctcatttatatttgacaaaaaacaa 
 G  P  T  G  G  D  W  L  D  I  F  L  S  F  I  F  D  K  K  Q  220 
tcttctgatgtcaaagaagcaatcaatcaagaaccagttccccatgtccaaccagatata 
 S  S  D  V  K  E  A  I  N  Q  E  P  V  P  H  V  Q  P  D  I  240 
gccactaccaccacccacatacaaggcttaccgcctgaatctagggatttgcttgatgaa 
 A  T  T  T  T  H  I  Q  G  L  P  P  E  S  R  D  L  L  D  E  260 
aggggtaatttttctaaattcactcttggcgatatggaaatgttagatgttgagggagtc 
 R  G  N  F  S  K  F  T  L  G  D  M  E  M  L  D  V  E  G  V  280 
gctgacattgatcccaattacaagttcaatcaattattgattcacaataacgctctgtct 
 A  D  I  D  P  N  Y  K  F  N  Q  L  L  I  H  N  N  A  L  S  300 
tctgtgttaatggggagtcataatggcatagaacctgaaaaagtttcattattgtatgcg 
 S  V  L  M  G  S  H  N  G  I  E  P  E  K  V  S  L  L  Y  A  320 
ggcaatggtggttttggagccaagcacgattggaacgccaccgttggttataaagaccaa 
 G  N  G  G  F  G  A  K  H  D  W  N  A  T  V  G  Y  K  D  Q  340 
caaggtaacaatgtggctacaataattaatgtgcatatgaaaaacggcagtggcttggtc 
 Q  G  N  N  V  A  T  I  I  N  V  H  M  K  N  G  S  G  L  V  360 
atagcaggtggtgagaaagggattaataaccctagtttttatctctacaaagaagaccaa 
 I  A  G  G  E  K  G  I  N  N  P  S  F  Y  L  Y  K  E  D  Q  380 
ctcacaggctcacaacgagcattgagtcaagaagagatccgaaacaaaatagatttcatg 
 L  T  G  S  Q  R  A  L  S  Q  E  E  I  R  N  K  I  D  F  M  400 
gaatttcttgcacaaaataatgctaaattagacaacttgagcgagaaagagaaagaaaaa 
 E  F  L  A  Q  N  N  A  K  L  D  N  L  S  E  K  E  K  E  K  420 
ttccgaactgagattaaggatttccaaaaagactctaaggcttatttagacgccctaggg 
 F  R  T  E  I  K  D  F  Q  K  D  S  K  A  Y  L  D  A  L  G  440 
aatgatcgtattgcttttgtttctaaaaaagacccaaaacattcagctttaattactgag 
 N  D  R  I  A  F  V  S  K  K  D  P  K  H  S  A  L  I  T  E  460 
tttggtaagggggatttgagctacactctcaaagattatgggaaaaaagcagataaagct 
 F  G  K  G  D  L  S  Y  T  L  K  D  Y  G  K  K  A  D  K  A  480 
Ttagatagggagaaaaatgttactcttcaaggtagcctaaaacatgatggcgtgatgttt 
 L  D  R  E  K  N  V  T  L  Q  G  S  L  K  H  D  G  V  M  F  500 
Gttgattattctaatttcaaatacaccaacgcctccaagaatcccaataagggtgtaggc 
 V  D  Y  S  N  F  K  Y  T  N  A  S  K  N  P  N  K  G  V  G  520 
gttacaaatggcgtttcccatttagaagcaggctttagcaaggtagctgtctttaatttg 
 V  T  N  G  V  S  H  L  E  A  G  F  S  K  V  A  V  F  N  L  540 
cctgatttaaataatctcgctatcactagtttcgtaaggcggaatttagaggataaacta 
 P  D  L  N  N  L  A  I  T  S  F  V  R  R  N  L  E  D  K  L  560 
gccactaaaggattgtccctacaagaagctaataagcttatcaaagattttttgagcagc 
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 A  T  K  G  L  S  L  Q  E  A  N  K  L  I  K  D  F  L  S  S  580 
aacaaagaattggttggaaaagctttaaacttcaataaagctgtagctgaagctaaaaac 
 N  K  E  L  V  G  K  A  L  N  F  N  K  A  V  A  E  A  K  N  600 
acaggcaattatgatgaagtgaaaaaagctcagaaagatcttgaaaaatctctaaggaaa 
 T  G  N  Y  D  E  V  K  K  A  Q  K  D  L  E  K  S  L  R  K  620 
cgagagcatttagagaaagaagtagagaaaaaattggagagcaaaagcggcaacaaaaac 
 R  E  H  L  E  K  E  V  E  K  K  L  E  S  K  S  G  N  K  N  640 
aaaatggaagcgaaatctcaagctaacagccaaaaagatgagatttttgcgttgattaat 
 K  M  E  A  K  S  Q  A  N  S  Q  K  D  E  I  F  A  L  I  N  660 
aaagaggctaatagggacgcaagagcaatcgcttacgctacgaatcttaaaggcgtcaaa 
 K  E  A  N  R  D  A  R  A  I  A  Y  A  T  N  L  K  G  V  K  680 
agggaattgtctgataaacttgaaaatgtcaacaagaatttgaaagactttagtaaatct 
 R  E  L  S  D  K  L  E  N  V  N  K  N  L  K  D  F  S  K  S  700 
tttgatgaattcaaaaatggcaaaaataaggatttcagcaaggcagaagaaacgctaaaa 
 F  D  E  F  K  N  G  K  N  K  D  F  S  K  A  E  E  T  L  K  720 
acccttaaaggctcggtgaaagatttaggtatcaatccagaatggatttcaaaagttgaa 
 T  L  K  G  S  V  K  D  L  G  I  N  P  E  W  I  S  K  V  E  740 
aaccttaatgcagctttgaatgaattcaaaaatggcaaaaataaggatttcagcaaggta 
 N  L  N  A  A  L  N  E  F  K  N  G  K  N  K  D  F  S  K  V  760 
acgcaagcaaaaagcgaccttgaaaattccgttaaagatgtgatcatcaatcaaaagata 
 T  Q  A  K  S  D  L  E  N  S  V  K  D  V  I  I  N  Q  K  I  780 
acggataaagttgacaatctcaatcaagcggtatcagtggctaaagcaacgggtgatttc 
 T  D  K  V  D  N  L  N  Q  A  V  S  V  A  K  A  T  G  D  F  800 
agtagggtagagcaagcgttagccgatctcaaaaacttctcaaaggagcaattggcccaa 
 S  R  V  E  Q  A  L  A  D  L  K  N  F  S  K  E  Q  L  A  Q  820 
caagctcaaaaaaatgaagatttcaatactggaaaaaattctgcactataccaatccgtt 
 Q  A  Q  K  N  E  D  F  N  T  G  K  N  S  A  L  Y  Q  S  V  840 
aagaatggtgtgaatggaaccctagtcggtaatgggttatctaaagcagaagccacaact 
 K  N  G  V  N  G  T  L  V  G  N  G  L  S  K  A  E  A  T  T  860 
ctttctaaaaacttttcggacatcaagaaagagttgaatgcaaaattggggaatttcaat 
 L  S  K  N  F  S  D  I  K  K  E  L  N  A  K  L  G  N  F  N  880 
aacaataacaataatggactcaaaaacgaacccatttacgctcaagttaataaaaagaaa 
 N  N  N  N  N  G  L  K  N  E  P  I  Y  A  Q  V  N  K  K  K  900 
gcaggacaagtagttagccctgaagagcccatttacgctcaagttgctaaaaaggtaaat 
 A  G  Q  V  V  S  P  E  E  P  I  Y  A  Q  V  A  K  K  V  N  920 
gcaaaaattgaccaactcaatcaagcagcaagtggtttgggtggtgtagggcaagcgggc 
 A  K  I  D  Q  L  N  Q  A  A  S  G  L  G  G  V  G  Q  A  G  940 
ttccctttgaaaaggcatgataaagttgatgatctcagtaaggtagggcgatcggttagc 
 F  P  L  K  R  H  D  K  V  D  D  L  S  K  V  G  R  S  V  S  960 
cctgaacccatttatgctacgattgatgatctcggcggacctttccctttgaaaaagcat 
 P  E  P  I  Y  A  T  I  D  D  L  G  G  P  F  P  L  K  K  H  980 
gctaaagttgaagatctcagtaaggtagggctttcaagggagcaagaattgactcagaaa 
 A  K  V  E  D  L  S  K  V  G  L  S  R  E  Q  E  L  T  Q  K  1000 
attgacaatctcaatcaagcggtatcagaagctaaagcaggtttttttggcaatctagaa 
 I  D  N  L  N  Q  A  V  S  E  A  K  A  G  F  F  G  N  L  E  1020 
caaacgatagacaatctcaaagattctacaaaacacaatcccatgaatctatgggctgaa 
 Q  T  I  D  N  L  K  D  S  T  K  H  N  P  M  N  L  W  A  E  1040 
Agtgcaaaaaaagtgcctgctagtttgtcagcgaaactagacaattacgctactaacagc  
 S  A  K  K  V  P  A  S  L  S  A  K  L  D  N  Y  A  T  N  S  1060 
cacacacgcattaatagcaatatccaaaatggagcaatcaatgaaaaagcgaccggtatg 
 H  T  R  I  N  S  N  I  Q  N  G  A  I  N  E  K  A  T  G  M  1080 
ctaacgcaaaaaaaccctgagtggctcaagctcgtgaatgataagatcgttgcgcataat 
 L  T  Q  K  N  P  E  W  L  K  L  V  N  D  K  I  V  A  H  N  1100 
gtaggaagcgttcctttgtcagagtatgataaaattggcttcaaccagaagaatatgaaa 
 V  G  S  V  P  L  S  E  Y  D  K  I  G  F  N  Q  K  N  M  K  1120 
gattattctgattcgttcaagttttccaccaagttgaacaatgctgtaaaagatgttagg 
 D  Y  S  D  S  F  K  F  S  T  K  L  N  N  A  V  K  D  V  R  1140 
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tctggctttacgcaatttttagccaatgcattttctacaggatattactgcttggcggaa 
 S  G  F  T  Q  F  L  A  N  A  F  S  T  G  Y  Y  C  L  A  E  1160 
gaaaatgcagagcatggaatcaaaaatgttaatacaaaaggtggtttccaaaaatcttaa 
 E  N  A  E  H  G  I  K  N  V  N  T  K  G  G  F  Q  K  S  1179 
aggattaaggaataccaaaaacgcaaaaaccaccccttgctaaaagcaaggggtttttta 
atactccttagcagaaatcccaatcgtctttagcggttgggatgaatgctaccaattcat 
ggtatcatatccccatacattcgtatctagcgcaggaagtgtgcaaagttacgcctttgg 
agatatgatgtgtgagacctgtagggaatgcgttggagctcaaactctgtaaaatcccta 
ctatagggacacagagtgagaaccaaactttcccccaacatcagcctaggaaacccaatc 
gtctttagcggttgggcacttcaccttaaaatatcccgacagacactaacgaaaggcttt 
gctctttaaagtctgcatggatatttcctaccccaaaaagacttaaccctttgcttaaaa 
ttaaatttgattgtgctagtgggttcgtgctatagtgcgaaaattaattaagggttataa 
agagagcatgaactagaaaaaacaagtagctataacaaagatcaagttcaaaaaatcata 
gagcttttagagcaaatcaatcgcgctcttaaccaaataggaattatcacaccttataat 
gcccaa 
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